ABSTRACT
INTRODUCTION
Mesenchymal stem cells (MSC) are multipotent adult stem cells that can be isolated from a diverse number of organs and have high capacity to differentiate giving rise to mesodermal and non-mesodermal tissues [1, 2] . Research with this type of cell has become well known in recent decades due to the discovery of their great plasticity [3] [4] [5] and the positive results in the experimental treatment of various diseases in animal and man [6, 7] .
The animal models used in stem cell research include that of the pig (Artiodactyla: suidae) because of its biological, anatomic, physiological and nutritional similarities with humans [8] [9] [10] . However, interest has also grown in the use of wild animals as alternative models to those currently used because Brazilian public policies need to be established for rational use of these animals in research and production, thus contributing to their preservation [11] . It is believed that the study the wild animals MSC performance and plasticity in vitro constitutes an important alternative for the formation and preservation of genomic cell banks.
Among the wild species studied, we present the collared peccary (Tayassu tajacu) as a model with potential to obtain and use MSC in preclinical studies. These animals are phylogenetically close to the domestic pig [12] and belong to the Artiodactila order, Tayassuidae family, popularly known as peccaries and found naturally in South America, Central America and the South of the United States [13] .
The aim of the present study was to establish a protocol for the isolation, in vitro cell expansion, differentiation and assessment of the stromal MSC growth curve before and after thawing.
MATERIALS AND METHODS

Animals
Four healthy male collared peccaries (Tayassu tajacu), 3 ± 1.5 years old (mean + SD), were used as bone marrow donors, kept in individual (4.2 x 3.6m) stalls cleaned daily and fed commercial pig diet (minimum crude protein -18%, ether extract -1.5%, fibrous material 12%, Calcium -1.3% and phosphorus -0.4%), with corn, fruit, tubers, regional vegetables and water ad libitum.
The sample was calculated a 99% with confidence interval for sample calculation for finite populations [14] . 4 in a half-closed anesthetic circuit. The animals were monitored by a heart monitor and oximetry.
Trichotmony was carried out and antisepsis with 10% povidone-iodine 10% (Lapon ® ) 5 of the right ileac crest region of the animals and a 11Gx4" bone marrow biopsy needle (Cardinal Health ® ) 6 was inserted in the ileac crest in the cranium-caudal direction with a dorsal inclination of approximately 35º, attached to a heparinized 5000UI/5mL Luer lock syringe (Bergamo ® ) 7 . Eight mL bone marrow blood were aspirated and the animals were medicated with amoxicillin trihydrate (20 mg/kg) [ ) 1 and centrifuged at 300 g for 25 min at 20°C. The mononuclear cell fraction was aspirated, diluted in sterile PBS with 1% antibiotic and again centrifuged at 300 g for 10 min at 4°C.
The supernatant was discarded and the pellet was re-suspended in supplemented base growth medium. One aliquot of the sample was diluted in Tripan Blue 0.2% (GIBCO   ®   ) 2 at 1:1, from which the cell concentration and viability were determined in a Neubauer chamber.
The cells were replicated in cell culture plate wells (TPP®)11, at the density of 10 6 cells/well, in supplemented base culture media and incubated at 37°C, 5% carbon dioxide and 95% moisture.
The culture media was changed twice a week until a single homogeneous cell layer was formed with 80% confluence. The culture was then washed with PBS solution with 1% antibiotic, treated with trypsin-EDTA solution (SIGMA ® ) 1 , and incubated at 37° for 10 min. The trypsin was inactivated adding base culture media and separated from the cell fraction by centrifuge. The supernatant was discarded and the pellet resuspended in supplemented base media and new cell count was made. The cells in suspension, from the four bone marrow samples collected, were used to assess the colony forming units (CFU-F) and cell expansion. For each sample, the cultures were trypsinized and the cells plated in duplicate in 25 cm2 bottles (TPP   ®   ) 11 at a concentration between 1 x 105 and 2.2 x 10 5 cells/mL for each one of these purposes, respectively.
Cfu -f assay
The cells obtained were re-suspended in the culture media to a concentration of 2.2 x 10 5 viable cells/mL and 2 mL of these cells suspension were placed in each well of a six-well plate (4.9 x 10 4 cells/ cm 2 ). The culture media was changed on days 3 and 8 of culture. On the 20th day, some cultures were fixed and stained with Giemsa. The CFU-F that displayed five or more cells was scored under an inverted microscope. Colonies with 4 cells were counted when one of them presented two nuclei. Colonies whose morphology clearly differed from the MSC morphology (fibroblastoid or fusiform) were excluded from the results. Photographs were taken by a digital camera coupled to an optical microscope12, using a x 10 lens, 1.5 zoom and 37.5% magnification.
MSC subculture
After obtaining homogeneous cultures of adherent cells and fibroblast-like-cell morphology, the cells were kept incubated at 37°C, with 5% carbon dioxide and 95% moisture. The culture media was replaced weekly until it reached 90% confluence. The culture was assessed for maintenance of the initial morphology by a phase contrast inverted microscope (Zeiss ® ) 12 and photographed with a digital camera (Sony ® ) 13 coupled to the microscope, using an image capture software version 3.5.9 (Spot Basic ® ) 14 . The cultures were washed, trypzinized, assessed for cell morphology, concentration and viability and replicated with twice the original area (1:2) until the seventh passage, after which a replication rate was adopted of 1:4 until the 15th passage. These measures were adopted empirically to maintain constant growth rate and allow handling of the cultures only twice a week. Cell samples in the fourth passage were washed, trypsinized, transferred to cryopreservation tubes at 1 x 10 5 cells/mL concentration in freezing medium at 4°C and kept at -80°C for 6 h. The culture was then frozen in liquid nitrogen at -196°C and stored.
Differentiation assay
Cultures in the third passage, with 70% confluence, were replicated at 105 cells/mL concentration in the culture media to induce osteogenic cell differ-
, respectively. The culture media remained incubated and the cell differentiation medium were replaced every 72 h. After 21 days the differentiation media were discarded and the cultures fixed in paraformaldehyde at 4%. The cultures submitted to osteogenic differentiation were stained with Alizarin Red (SIGMA   ®   ) 1 to identify intracellular calcium deposits and the cultures submitted to adipogenic differentiation were stained with Oil Red (SIGMA ® ) 1 , to identify fat vacuoles dispersed in the cell cytoplasm.
Pre-freezing growth kinetics assays
Cultures in the fourth passage were plated at 1 x 105 cells/mL concentration in 25 cm² bottles in a total of 20 bottles. The culture media was replaced every 72 h and one bottle was trypsinized daily, and the cell concentration and viability were calculated over 20 days. The values obtained were tabled and organized in a linear regression graph to characterize the in vitro cell kinetics under saturation.
Post-freezing growth kinetics assays
After 40 days, 20 cell samples were thawed at 37°C in a water bath and transferred, along with the freezing medium (1 mL), to 25 cm 2 culture bottles, in a total of 20 bottles, containing triple the volume of supplemented base medium (3 mL). The cells were kept incubated for 24 h and only after this period were washed with PBS solution and the culture media was replaced again. The culture media was replaced every 72 h and one bottle was trypsinized daily, and the cell concentration and viability were calculated over 20 days. The values obtained were organized in linear regression graph.
Statistical analysis
The statistical analysis was carried out using the electronic data spreadsheet (Excel ® ) 15 and the statistical analysis program version 8.0 (SAS ® ) 16 . The means and standard deviations of the percentage of viability and cell kinetics of the cultures were assessed.
The level of rejection of the null hypothesis was 1% (P ≤ 0.01) for both analyses.
RESULTS
All the bone marrow samples collected, separated by density gradient, presented a discreet whitish halo with a misty aspect at the Ficoll solution and blood plasma interface ( Figure 1A ). The mononuclear fraction obtained from this halo had a mean cell concentration of 5.86 ± 0.5 x 106 cells per mL (Table 1) .
After 48 h culture, the cells collected were sparsely deposited in cell clusters, with cell overlay and poorly defined cytoplasmic limits. After 96 h culture, a large percentage of mononuclear cells remained in suspension until the first washing with PBS. There was significant reduction in the cells in suspension after this wash, a time when the first clusters were observed of adherent cells and fibroblast-like-cell morphology ( Figure 1B) .
During the CFU-F assay, an average of 60.83 ± 4.27 parent mesenchymal cell colonies were identified (equivalent to 2.8 X 10 4 cells) in the samples studied ( Table 1 ). The cells maintained their fibroblast-like-cell characteristic and showed radial growth, and tended to coalesce between the colonies and single cell layer formation.
Progressive reduction was observed in the percentage of mononuclear cells in suspension after each wash and after 20 days culture, there were only mesenchymal cell clusters ( Figure 1C ). These cells coalesced and formed a single cell layer with 80% confluence after 25 days culture. The cells were large and flattened, with fibroblast morphology, placed sideways one to another, emitting cytoplasm attic prolongations as far as the more distant cells ( Figure 1D ).
During the cell differentiation assay, in the cultures submitted to osteogenic differentiation, progressive morphological alterations were observed starting on the 11th day in culture, with an increase in the nucleus: cytoplasm ratio, cuboid shaped cells with a spherical central nucleus. After 18 days, the cells acquired morphology similar to osteoblasts, with irregular cytoplasm limits, cell prolongation formation and flattened appearance (Figure 2A and B) . After staining with Alizarin Red, the nucleus presented a wine red coloring and the cytoplasm, more basophilic and well-defined, with calcium deposits inside the cells ( Figure 2C and D) . The cultures submitted to adipogenic differentiation were large, hexagonal, irregular and presented birrefringent cytoplasm granules after the third week of culture. When stained with Oil Red it was observed that the cytoplasm granules were scattered small fat vacuoles and stained maroon ( Figure  2 E and F) .
The pre-freezing growth curves presented on average 233.31 ± 20.04 cells per 25 cm 2 a bottle. The curves ascended evenly until the ninth day of observation, when the cell concentration of the samples increased progressively until it reached the curve saturation plateau between the 13th and 16th day. After the interval, the culture became exhausted and the cell concentration declined progressively (Graph 1).
The mean cell viability during the realization of this growth curve was 91.25%, but viability declined after the 14th day of observation.
During the expansion of the culture through 15 passages, it was observed that the MSC preserve the fibroblast-like-cell morphology observed in the isolation of the culture. A 95% mean viability was measured during the cell expansion, that remained constant throughout the experiment. After thawing the culture, the cell viability fell to 78%. The growth curve cell kinetics assay presented, on average, 199.71 ± 14.72 cells per 25cm 2 bottle. The curves reached the saturation plateau early, on the eighth day of observation. From then onwards the cultures entered became exhausted and the cell concentration of the samples decreased progressively until minimum values (Graph 2). 
DISCUSSION
The discreet presentation of the whitish halo of mononuclear cells ( Figure 1A ) observed in the present study was probably due to the small volume of bone marrow blood collected, and halos equally discreet have been described from small blood volumes from mice [15] [16] [17] and from the wild agouti species (Dasyprocta prymnolopha) [18] , and thick and evident halos in large volumes of blood obtained from humans [19, 20] , pigs [21] and horses [22] and cattle [23] .
The reduced thickness of the mononuclear halo was reflected in a lower mean cell concentration obtained compared to the other species. A study on a wild species reported mean 10 8 cells/mL mononuclear cell concentration [18] . Studies with domestic pigs [24] and cats [25] have reported concentrations of 1.8 x 10 8 and 2.3 x 10 8 cells/mL, respectively. However, in the present experiment the mean concentration of 5.86 ± 0.5 x 10 6 mononuclear cells/mL was satisfactory to isolate and expand the MSC in the relatively short period of 25 days.
The data obtained in the CFU-F assay (Table  1) were similar to those observed by [24] and [26] who obtained a mean number of CFU-F in pig bone marrow blood of 68.58 ± 20.61 and 69.25 ± 19.32 colonies, respectively. In spite of this similarity, [27] reported that the number of CFU-F in a sample can differ among species and is influenced by the culture media conditions [28] . Further stated that the number of CFU-F obtained is only an indication of the potential of the sample collected in counting mesenchymal stem cell and it should not be used to assess directly in the presence of these cells in the sample, due to the great morphological heterogeneity of the CFU-F within the same species. Thus, the results obtained indicated that there was similarity between the bone marrow potential for MSC isolation in the domestic pig and collared peccary.
The in vitro performance of the culture during the cell isolation phase was very similar to that observed in MSC culture of mice [15] , rats [27] , pigs [25] and humans [29] . According to these authors although some cells from the reticulate-phagocyte system can adhere for a short time to the plastic substrate of the collective well, only the MSC adhere for a long time. The capacity for prolonged time adhesion is an intrinsic characteristic of the mesenchymal stem cell [28] and in this way the successive washes remove only the contaminating cells.
The fibroblast-like-cell morphology presented by the cells during the cell isolation and expansion phases ( Figure 1B ) has already been reported in different animal species and in man [17, 20, 21, 28] for MSC culture. Although these studies diverged regarding cell morphometry, they all described the morphology of these cells as varying between the fibroblastoid and fusiform, depending on the anatomic site used for collection. However retrospective studies [28, 30, 31] have discussed that both the morphology and identification of the cell-surface markers, analyzed alone or together, are not specific to properly define the MSC, regardless of their isolation niche. Innumerous discrepancies have been observed, such as the positive identification of the STRO-1 marker in stromal MSC [31, 32] and absence of this marker in the adipogenic MSC [33, 34] . The conflict persists among studies with MSC isolated from the same anatomic niche and has been identified as CD 10 positive by [32] and negative by [35] and [36] . The most suitable identification method for MSC is prolonged proliferation in culture with morphology maintenance and differentiation capacity in at least two cell lines [28, 31, 30] . Obviously, the association among different forms of cell identification widens the possibility of reliable characterization of MSC populations and should always be considered.
As the collared peccary is a wild species and because this is the first study of this kind, there are no commercial antibodies available for cell characterization in the species, nor are studies available that assess the cross-reactivity with antibodies for the domestic pig. Thus it was chosen to assess the prolonged proliferation in culture and the differentiation capacity to identify the cells in the present study.
The cell differentiation assay clearly showed differentiation of the MSC in the adipogenic and osteogenic lines (Figure 2 A-F) , by identifying calcium deposits and fat vacuoles inside cells. Both the methodology and the results obtained had already been reported in humans and domestic animals [25, 31, 37, 38] but to date there have been no comparative studies with wild animals. The similarly observed in the differentiation of the collared peccary MSC, with differentiation studies in other species, suggested that, in spite of the heterogeneity of the MSC populations, these cells share similar differentiation potential. Thus the collared peccary can be considered as an alternative and viable model for stromal MSC acquisition and studies with cell therapy.
The performance of the MSC in growth curve (Graph 1) observed in the present study has already been described for other cell types [37, 38] . According to these authors increase in cell concentration exhausts nutrients in the culture media, leading to cell death and reduced concentration in the samples studied. However, the MSC culture was highly viable, that is in agreement with the cell viability observed during the expansion assay of the cultures. In this case, nutrient exhaustion in the culture media is the probable cause of the decline in viability, as proposed by other authors [37, 38] .
Reduced cell viability after thawing, observed in the present study (Graph 2), had already been described in different studies with human and animal MSC [17, [39] [40] [41] . In the present study, as thawing was quick in a water bath, it is possible that the heat-shock resulting from the abrupt change in cell temperature increased the permeability of the plasma membrane and contributed to the positive marking in the trypsin blue test, thus reducing the viability of the samples. This possibility had already been suggested by other author [28] , but has not been confirmed scientifically.
In studies with human MSC cryopreservation [39, 40, 42] reported apoptosis rates of 17.5%, 16.3% and 18.3%, respectively. According to these authors, cell freezing can induce apoptosis by an increase in the expression of the genes of the Bcl-2 family, such as Bax and Bcl-2. Thus, depending on the freezing and thawing conditions, these cells can be viable after thawing, but one part of the cells ends up suffering programmed cell death. It is possible that the same mechanism occurs in domestic and wild animal MSC, but further studies are needed to confirm this hypothesis. In the present study, early culture exhaustion seemed not to be related to nutrient exhaustion in the culture media because there was no cell concentration that surpassed the capacity of the medium, thus it is believed that a decrease in the cell viability may have been related to the increase in apoptosis after thawing.
Some studies also suggested that the cryopreservation method interfered negatively but discreetly in MSC adhesion in horses and humans [17, 39, 40] . These authors assessed the immune phenotype of equine stromal MSC and human adipogenic stromal MSC, respectively, before and after thawing and observed increase in the α4 (CD49d) expression. It is believed that these mechanisms may be involved alone or together in decreasing the cell viability after thawing in the present study, but further studies are needed to assess these hypotheses.
Regarding the safety of the collared peccary stromal stem cell collection, the protocol for anesthesia and bone marrow puncture used in the present study was efficacious, shown by the hemodynamic stability presented by the animals during collection. This observation is ratified by previous studies in collared peccaries and domestic pigs, that used ketamine, diazepam, propofol and midazolam, and good tranquilization was obtained and little variation in the arterial pressure levels [43] [44] [45] .
CONCLUSIONS
In conclusion, the results demonstrated the presence of a well-defined MSC population in the collared peccary bone marrow, with high in vitro replication rate and differentiation potential confirmed for the adipogenic and osteogenic lines. In spite of the small volume of bone marrow blood collected, the technique of cell separation by concentration gradient by Ficoll was efficacious, maintaining cell viability maintenance above 90% and MSC isolation and expansion in the relatively short period of 35 days. The cryopreservation technique adopted presented satisfactory results, but indicated a significant cell stress after thawing that justifies investigation of the apoptosis rates induced post thawing in the species. Furthermore, the bone marrow collection did not harm the animals and the facility of stromal MSC isolation and culture qualifies the collared peccary as a viable alternative model to obtain MSC and for studies in the area of cell therapy.
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